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RESEARCH MEMORANDUM 


LATERAL STABILITY AND CONTROL CHARACTIRISTICS OF THE 
CONVAIR XF- 92 A DELTA-WING AIRPLANE AS MEASURED IN FLIGHT 
By Thomas R. Sisk and Duane 0 . Mihleman 


SUMMARY 


The lateral stability and control characteristics were investigated 
on the Convair XF- 92 A delta- wing airplane during the flights of the 
NACA research program. The investigation included sideslips, aileron 
rolls, and rudder pulses at altitudes ranging from l8,000 to 50,000 feet 
at indicated speeds from 160 to 420 miles per hour. A small amount of 
data is included with wing fences installed at 60 percent of the wing 
semispan for comparison with the basic airplane. 

The lateral handling characteristics appear satisfactory when 
viewed in terms of gradually increasing sideslips, lateral control 
effectiveness, and period, and damping. The pilots objected to the 
over-all lateral handling characteristics, however, primarily because 
of the high roll- to- side slip ratios which probably resulted from the 
relatively low static directional stability and relatively high effective 
dihedral. These adverse characteristics were aggravated at low speeds 
by high adverse yaw and rough air and at high speeds by high airplane 
response to small control deflections. The apparent high side force 
and poor hydraulic control system added to the objectional characteristics. 

The lateral handling characteristics at low speeds were in^jroved 
by the installation of wing fences. The improvement apparently resulted 
from an increase in the static directional stability. 


INTRODUCTION 


The Convair XF- 92 A airplane was originally constructed to determine 
the handling characteristics, primarily at low speed, of an airplane 
having a delta-wing configiiration. In view of the interest in delta- 
wing airplanes for high-speed flight, a larger power plant was installed 
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in the XF-92A and the flight envelope was extended to sonic speed during 
joint testing hy the National Advisory Committee for Aeronautics and the 
Air Force. The results of this investigation are presented in refer- 
ences 1 to 3* Upon completion of these tests the XF-92A was assigned 
to the NACA High-Speed Flight Station for general research. 

All the pilots who have flown the XF-92A (during the joint NACA — 

Air Force program and the NACA research program) have reported that 
the airplane exhibited poor lateral handling characteristics, particularly 
at low speed. The present paper presents the lateral stability and 
control characteristics of the XF-92A as determined from sideslips, 
aileron rolls, and rudder piilses. Wing fences were installed on the 
XF-92A at 60 percent of the wing semispan to evaluate the longitudinal 
maneuvering stability characteristics with this modification (ref. iv), 
and a limited amount of lateral data is presented herein with the fence 
configuration for comparison with the basic airplane. The tests were 
performed at the NACA High-Speed Flight Station at Edwards, Calif. 


SYMBOLS 


Ay 

b 

c 

Cz 

Cn 

CNa 

Cy 

C1/2 

g 

bp 

ix 


transverse acceleration factor, g units 

wing span, ft 
wing chord, ft 

rolling -moment coefficient, Rolling moinent 

qSb 

yawing-moment coefficient, y^^lng moment 

qSb 

airplane normal- force coefficient, Wn/qS 
lateral-force coefficient, A^W/qS 
cycles- to-damp to one-half amplitude 
acceleration due to gravity, ft/sec^ 
pressure altitude, ft 

moment of inertia about longitudinal stability axis, slug-ft^ 
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^Z 

M 

n 

P 

P 

pb/2V 



<1 

q 

r 

S 

^1/2 

t 

V 

Ve 

Vi 


V 


3 

5a 


product of inertia^ slug-ft^ 

moment of inertia about normal stability axis^ slug-ft^ 


Mach number 

normal acceleration factor^ g units 
period, sec 

rolling angular velocity, radians/sec 
wing- tip helix angle, radians 

variation of wing-tip helix angle with lateral control 

angle, per deg 

dynamic pressure, Ib/ft^ 

pitching angular velocity, radians/sec 

yawing angular velocity, radians/sec 

wing area, sq ft 

time-to-damp to one-half amplitude, sec 


time, sec 

true velocity, ft /sec 

equivalent side velocity, (v\^), ft/sec 


indicated velocity, n^h 

3V , 

side velocity, — — , ft /sec 

57.5 

angle of attack, deg 
sideslip angle, deg 


lateral control angle, - 5^ , deg 

L R 
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A 

0 

0 
C ■] 




d6 


j/dp 

y'4|3 


dS^ydp 


longitudinal control angle, , deg 


rudder control angle, deg 

angle of principal axis of inertia from body axis, positive 
when principal axis is below body axis, deg 

angle of sweepback, deg 

air-density ratio 

bank angle, deg 

variation of rolling-moment coefficient with angle of 
sideslip, dC^/dp, per radian 

damping in roll, radian 

variation of yawing-moment coefficient with angle of 
sideslip, dC^dp, per radian 

variation of lateral- force coefficient with angle of 
sideslip, dCY^dp, per radian 

variation of transverse acceleration factor with angle 
of sideslip, g/deg 

variation of lateral control angle with angle of 
sideslip 


variation of rudder control angle with angle of sideslip 
Subscripts: 


L left 

R right 

max maximum 
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AIRPLANE 


The Convair XF-92A is a semitailless delta-wing airplane having 
60^ leading-edge sweephack of the wing and vertical stabilizer. The 
elevens and rudder are full-span constant- chord surfaces and are 
100 percent hydraulically boosted. The artificial feel system provided 
has forces approximately proportional to deflection and are adjustable 
in flight by the pilot. The airplane has no leading- or trailing-edge 
slats or flaps^ no dive brakes^ and no trim tabs. Wing fences were 
installed at 60 percent of the wing semispan for part of the tests 
presented in this paper. 

Table I lists the physical characteristics and figure 1 shows 
photographs of the airplane. A three-view drawing of the airplane is 
presented in figure 2. Figure 3 presents a sketch of the wing- fence 
configuration that was installed during part of the tests presented in 
this paper. 


INSTRUMENTATION AND ACCURACY 


The XF-92A airplane is equipped with standard NACA recording 
instruments for recording the quantities pertinent to this investigation. 
All instruments are correlated by a common timer. 

The airspeed installation was calibrated by using the radar photo- 
theodolite method of reference 5* The low-speed static pressure 
calibration needed for the pressure survey in the method was obtained 
from an Air Force F-86 pacer airplane and the pressure surveys were 
checked with data obtained from radiosonde balloons released at the 
time of the flights. This calibration method resulted in a Mach 
number error of about 1 percent. 


Accuracies of the pertinent quantities are: 

p, radians per sec 

r^ radians per sec 

0, deg 

3. deg 



5r, deg 

raph 


± 0.10 

± 0.02 

± 10.0 

±0.50 

± 0.20 

± 0.20 

±4.0 
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TESTS, RESULTS, AND DISCUSSION 


The later 6ui stability and control characteristics were measured 
in gradually increasing sideslips, rudder-fixed aileron rolls, and 
rudder pulses over the altitude range from l8,000 to 50,000 feet at 
indicated speeds from about l60 to ^4-20 raph (M » 0.50 to 0.9^). All 
the pilots who have flown the XF-92A have objected to the lateral 
handling characteristics, particularly at the lower speeds, and there- 
fore the majority of the data were obtained below an indicated speed 
of 250 mph (M < 0.50). The higher speed range was not covered as fully 
as might be desired because the research program was terminated abruptly 
when the airplane sustained considerable damage as a result of a nose- 
wheel strut failure while taxiing. The data are presented for various 
indicated speeds in this paper since the lower speed range is the 
region of primary interest. A limited amount of lateral data was 
obtained with wing fences installed at 60 percent of the wing semispan 
and is presented for comparison with the basic airplane. The center of 
gravity for these tests varied between 27*2 and 28.7 percent of the mean 
aerodynamic chord. 


Static Lateral Stability 


The static lateral stability data obtained from gradually increasing 
sideslips are presented in figures 4 to 7. Figure k presents represent- 
ative variations of control positions and transverse acceleration with 
angle of sideslip for the basic airplane, clean and gear down, over the 
speed range tested. Figure k shows that the pitching moment resulting 
from sideslip is small and the variation of rudder control angle and 
lateral control angle with sideslip is linear over the entire range of 
sideslip angles covered. These data are summarized in figure 5 which 
shows that, for the clean configuration, the variation of lateral -force 
coefficient with angle of sideslip Cy y as obtained from the expres- 


sion Cyo = W has little variation with speed as the indicated 

P dp/qS 

speed increases from about I50 to mph. The rudder required to 
sideslip db^/dp increases from a value of 0.40 to 0.55; ^‘3. the 
aileron required to maintain constant heading dSg^/dp decreases from 
a value of 0.90 to 0.50. Lowering the gear increases the lateral-force 
coefficient^ decreases the apparent directional stability as indicated 
by dSj./dp, and increases the dihedral effect d6a/<iP; "tbe magnitude of 
increase or decrease being generally small and relatively constant with 
speed for each parameter. Figures 6 and 7 present data similar to 
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figures h and 5 ving fences installed. Only lov-speed data vere 

obtained with the fence configuration and it appears that in this speed 
range the only appreciable difference between the two configurations is 
that with the fences installed the apparent directional stability is 
increased at the lowest speeds^ more rudder being required to sideslip. 
There is a rapid increase of apparent dihedral effect as the speed 
decreases for both the basic airplane and the fence configurations. 


Lateral Control 

The lateral control data obtained from inidder-fixed aileron rolls 
are presented in figures 8 to 13. Figure 8 presents the variation of 
wing- tip helix angle with lateral control angle for the basic airplane^ 
clean and gear down^ and shows that this variation is linear with con- 
trol deflection over the range of deflections tested. These data are 

summarized in figure 9 vhich shows that clean airplane 

varies from a value of O.OO 5 O at Vj^ = I 70 mph to 0.0095 Vj_ = k20 mph^ 
the largest change being noted at the lower speeds. Lowering the gear 
reduces the value of Figures 10 and 11 present data similar to 

figures 8 and 9 with wing fences installed. Again^ the fence data are 
meager, but figure 11 indicates that installing the fences does not 
appreciably change the value of pilot reported adequate 

aileron control for both configurations over the entire speed range 
tested. 


Figure 12 presents representative time histories of six aileron 


rolls to illustrate the reduction in 



at the lower speeds. 


Figures 12(a) and 12(b) illustrate the high-speed case where the trim 
angle of attack is of the order of These rolls show the more or 

less conventional slow development of adverse yaw dxiring the roll. 

Figures 12(c) and 12(d) illustrate the low-speed case for the airplane, 
clean and gear down, respectively, for trim angles of attack of approx- 
imately 12°. At these high angles of attack, the sideslip angle increases 
immediately with roll apparently as a result of rolling about the princi- 
pal axis. This sideslip then reduces the peak rolling velocity. The 
rapid development of sideslip is very bothersome to the pilot. Figures 
12 (e) and 12 (f) illustrate that the fence configuration at low speed, 
clean and gear down, differs little from the basic airplane configuration. 


The bank-angle data obtained from the aileron rolls are presented 
in figure 13 . Figure 15(a) shows the variation of maximum rolling 
velocity, time to reach a bank angle of 90 ° and the bank angle at 
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maximum rolling velocity for one-third, one-half, and two-thirds aileron 
deflection. Reference 6 recommends a tentative high-speed criterion 
based on a time of 1.0 second to reach a bank angle of 90°. It may 
be seen that the XF-92A meets this criterion at indicated speeds above 
about 260 mph with two- thirds aileron deflection. Figure 15(h) com- 
pares the basic airplane, gear down, with the clean configuration and 
figures 15(c) and 15(d) compare the fence configuration, clean and gear 
down, with the basic eiirplane. Lowering the gear on the basic airplane 
reduces the maximum rolling velocity and, at the lower speeds, increases 
the time to reach a bank angle of 90°. No appreciable differences can 
be noted between the basic airplane clean and the fence configuration 
clean. Lowering the gear on the fence configuration decreases the time 
to reach a bank angle of 90° at the lower speeds as coir^jared with the 
basic airplane , gear down. 


Dynamic Lateral Stability 

Rudder pulses were performed at altitudes of approximately 20,000 
and 50,000 feet, clean and gear down, with the basic airplane and with 
the fence configuration, and the results of these data are presented in 
figures ll<- and I5. No difference could be distinguished between the 
gear configuration or the two altitudes for the speed range where there 
are overlapping dataj therefore, figure l^(a) presents the variation of 
period and time to damp to one-half amplitude with indicated speed for 
the basic airplane. These data were evaluated during the portion of the 
maneuver in which all controls were held fixed. Figure li<-(a) shows that 
the period decreases from a value of approximately 4.0 seconds to 
2.5 seconds as the speed increases from 160 to 56O mph. The time to dan^) 
to one-half amplitude is essentially constant over this speed range with 
a value of approximately 1.75 seconds. Figure l4(b) presents the fence- 
configuration data for comparison with the basic airplane. This figure 
shows that the only effect of the fences is to decrease the time to^ 
damp slightly in the restricted speed range for which a comparison is 

possible. 

The primary objection to the handling characteristics appears to 
lie in the large roll-to -side slip ratios experienced during directional 
maneuvers. Reference 7 proposed a tentative criterion based on the 
reciprocal of the cycles -to -damp to one-half amplitude and the roll-to- 
sideslip ratio. The handling-qualities requirements of reference 8 
specify satisfactory dynamic lateral stability based on such a criterion. 
This specification is presented in figure I5, together with data from 
tests made with the XF-92A airplane both with and without wing fences. 
From this figure it may be seen that the dynamic lateral stability of 
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the XF-92A airplane is generally in the \msatisfactory region. The 
points for the basic configuration generally lie deeper in the unsatis- 
factory range than do the points for the fence configuration. This 
indicated improvement in lateral behavior attributable to fences was 
borne out by pilots' comments. According to pilots' comments, this 
high roll-to-sideslip ratio is aggravated by rough air at the lower 
speeds and by the high airplane response to small control deflections 
at the higher speeds. Figure l6 illustrates the unsteadiness resulting 
from this response dioring an attempted trim run over the Mach number 
range from 0.82 to O.89. 


Calculation of Cjp, Cnp> and Cyp 

The variations of the effective dihedral parameter Cj^, the direc- 
tional stability parameter C„ , and the lateral-force parameter Cy } 

p 3 

with indicated speed for the basic airplane, clean, at an altitude of 
20,000 feet were determined from the following equations: 



In determining Cj , the coefficients of d^y/dSg^ and d&a,/<ip were 

obtained from the flight- test data of the aileron rolls and sideslips, 
respectively, and the value of Cj of -0.2 was obtained from refer- 
ence 9* In. determining Cnp, the values for P and T^^2 ''^ere obtained 



principal axis inclination (e = 1°) were obtained from the contractor. 
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(The inertia values used in the calculations are tabulated in table II.) 
In determining j the controls- fixed portion of the rudder pulses were 

used to determine the variation of the transverse acceleration factor 
with sideslip angle. It is \inderstood that the equations listed above 
will not yield true static derivatives, particularly in the case of Cj , 

since dynamic flight data were used in the equations. It is felt, how- 
ever, that the equations yield adequate approximations to illustrate the 
comparisons discussed in this section. 


The results of these calculations are presented in figure I7. 

This figure shows that C, varies between values of -O.O5 to -0.04 

per radian in the speed range from 160 to 58O mph. Over this same 
speed range, C decreases from a value of O.O6 to 0.0l4- per radian 

and Cv decreases from a value of -0.75 fo -O.65 per radian. It may 

be noted that the values of Cv obtained from sideslips (fig. 5) are 

^P 


considerably lower than the values obtained from the controls-fixed 
portion of the rudder pulses. The major difference between the two 
values probably results from the contribution of the aileron and rudder 
deflections required for the sideslip maneuvers. Also shown in 
figure 17 for comparison are the values of , and Cy from 


Ames full-scale wind-tunnel tests (unpublished) for the basic airplane 
adjusted to the lift coefficients and trim eleven angles corresponding 
to indicated speeds of l45, I80, and 220 mph. These data show excellent 
agreement in Cj^ and Cy^. The flight-determined values of Cj^ are 


^P 


P 


considerably lower than the wind-tunnel data at the lower speeds because 


of the effects of adverse yaw in causing a reduction in ^^5 


used in 


the calculations. The calculations for the fence configuration presented 
in figure 17 show the static directional stability to be increased 
approximately 4-0 percent over the value for the basic airplane at the 
lowest speed. 


This increase in directioneil stability attributable to the fences 
is considerably greater than the effect on the apparent stability 
parameter d6j./dp, (fig.7). It should be noted that the value of 0^^ 

determined from the pulse data is primarily sensitive to the period. 
Inasmuch as there is considerable scatter shown in the period for the 
rather limited fence data the absolute value of the directional stability 
parameter may be questionable. 
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Although the parameters of figure I7 appear normal, a further 
analysis indicates that they are not in the proper order of magnitude 
with respect to each other for best stability. This is illustrated in 
figure 18. Figure l8(a) presents the variation of the ratio of 

to Cjp with lift coefficient and indicated speed as determined from 

the curves of figure 17. Also shown on figure l8(a) for comparison with 
the XF-92A are representative points for the X-5 (refs. 10, 11, and 
unpublished data), a 350 swept-wing airplane (ref. 12), and the D-558-II 
(unpublished data). It may be seen that the ratio of C„ to C, 

^3 ‘•3 

XF-92A is generelLly less than the ratio for other 

airplanes. It follows that, for satisfactory handling characteristics, 
the XF-92A would require a higher ratio of C„ to C7 than required 

3 3 

for airplanes of higher aspect ratio (as predicted in ref. 13)* Note 
that the X-5 airplane (a = 59 J aspect ratio = 2.2) has a considerably 
higher ratio of to C, than the XF-92A except at the lower speeds. 

3 3 

Figure l8(b) presents the same comparison for the ratio of to C . 

^3 "^3 

It may be seen from figure l8(b) that the ratio for the XF-92A is of 
the order of three to four times the magnitude of the ratio for the 
other airplanes. This high apparent lateral force probably contributes 
to the pilots' impressions of the poor handling qualities. 


The NACA pilot reported an improvement in the handling queilities 
with the installation of wing fences. The only appreciable difference 
that can be noted in the static parameters with the fences installed is 
the increased static directional stability shown in figures I7 7. 
Although the magnitude of the increase in Cj^^ may be somewhat question- 
able because of the scatter in the data the change is in the direction 
to improve the ratios as shown in figure 18. 


Control System 

Finally, part of the difficulties encoiintered on the XF-92A may be 
attributed to the poor hydraulic control system. Evaluation of groiind 
calibrations has shown the control system to have high friction and 
breakout forces and appreciable lag of surface-to-stick motion. These 
characteristics are particularly objectionable at low speeds where 
large control deflections are required to maneuver and also at high 
speeds where the airplane is sensitive to small control displacements. 


CONFIDENTIAL 


12 


CONFIDENTIAL 


NACA RM H55A17 


CONCLUSIONS 


The results obtained from sideslips, aileron rolls, and rudder 
pulses performed at altitudes ranging from l8,000 to 30,000 feet at indi- 
cated speeds from l60 to l<-20 iiiph during the flights of the NACA research 
program of the XF-92A airplane indicate the following conclusions; 

1. The static lateral stability characteristics as measured in 
sideslips appear satisfactory although there is a rapid increase in 
apparent dihedral effect at the lower speeds. There is adequate rudder 
power over the entire speed range tested. 

2. The lateral control as measured in aileron rolls appears ade- 
quate over the entire speed range tested althoiagh there is a considerable 
reduction in aileron effectiveness at the lower speeds. 

5. The dynamic lateral stability of the airplane was generally in 
the unsatisfactory region when compared to U. S. Air Force requirements 
for satisfactory values of reciprocal of cycles to damp to half amplitude 
and ratio of roll angle to sideslip velocity. 

L. Although the airplane appealed to have satisfactory static lat- 
eral stability and control characteristics, the pilots objected to the 
over-all lateral handling characteristics primarily because of the high 
roll-to-sideslip ratios which probably resulted from the relatively low 
static directional stability and relatively high effective dihedral. 

These adverse characteristics were aggravated at low speeds by high 
adverse yaw and rough air and at high speeds by high airplane response 
to s mal l control deflections. The apparent hi^ side force and poor 
hydraiilic control system added to the objectional characteristics. 

5 . Installing wing fences on the airplane improved the handling 
characteristics at the lower speeds, in the pilots' opinion, probably 
because of the increase in static directional stability attributable to 
the fences. 


High-Speed Fli^t Station, 

National Advisory Committee for Aeronautics, 
Edwards, Calif., January 10, 1955* 
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TABLE I 

PHYSICAL CHARACTERISTICS OF THE XF- 92 A AIRPLANE 


Wing: 

Area, sq ft 

Span, ft 

Airfoil section 

Wing-panel area, outboard of root strain-gage 

station, sq ft 

Mean aerodynamic chord, ft 

Aspect ratio 

Root chord, ft 

Tip chord 

Taper ratio 

Sweepback (leading edge), deg 

Incidence, deg 

Dihedral (chord plane), deg 


425 

31.35 


NACA 65 ^Qgj- 006.5 


137.1 

18.09 

2.31 

27.13 


0 

0 

60 

0 

0 


Elevens : 

Area (total, both, aft of hinge line), sq ft . . . . 

Span (one eleven), ft 

Chord (aft of hinge line, constant except at tip), ft 
Movement, deg 
Elevator: 

Up 

Down 

Aileron, total 

Operation 

Vertical tail: 

Area, sq ft 

Height, above fuselage center line, ft 

Rudder: 

Area, sq ft 

Span, ft 

Travel, deg 

Operation 

Fuselage: 

Length, ft 


76.19 

13.55 

5.05 


15 

5 

10 

Hydraulic 


75.35 

11.50 


. 15.53 
9.22 
±8.5 
BEydraulic 


42.80 


Power plant: 
Engine 
Rating: 


Allison J 35 -A -29 with afterburner 


Static thrust at sea level, lb 

Static thrust at sea level with afterburner, lb 


5,600 

7,500 


Weight: 

Gross weight (560 gal fuel), lb 

Empty weight, lb 

Center-of-gravity locations: 

Gross weight (560 gal fuel), percent M.A.C 

Empty weight, percent M.A.C 

Moment of inertia in pitch, slug-ft^ . . 


15,560 

11,808 


25.5 

29.2 

35,000 
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TABLE II 


INERTIA VALUE FOR XF-92A AIRPLANE 



CL, 

deg 

Slug-ft2 

ixz/ix 

0 



2 

38,600 

-0.10 

4 

58,500 

-.50 

6 

38,550 

-.48 

8 

38,050 

-.65 

10 

57,750 

-.76 

12 

57,550 

-.87 

Ik 

36,850 

-.95 

16 

56,300 

-1.01 

18 

55,700 

-1.05 

20 

55,050 

-1.08 
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Figure 1.- Three-view drawing of the XF-92A airplane. All dimensions in 

inches. 
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(a) Overhead front view. 



(b) Three-quarter rear view. 




(c) Left side view. 


L- 81260 


Figure 2.- Photographs of XF-92A research airplane. 
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Figure 4. - Variation of control positions and transverse acceleration 
factor with angle of sideslip for the basic airplane. 


CONFIDENTIAL 


MCA RM H55A17 


CONFIDENTIAL 


21 



(b) Vi = 205 n 5 )h; a = 7.9°; = 0.20; clean. 

. Figure L.- Continued. 
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Figure - Continued. 
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Figure 4. - Continued. 
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(e) Vi = k^Q niph; a = 2.0°; Cna = clean. 

Figure i<-.- Continued. 
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(f) V± = 165 mph; a = lU.6°; C^^ = gear down. 

Figure ij-.- Continued. 
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(g) Vi = 208 raph; a = 7.8°j Cn^ = 0.29; gear down. 
Figure 4.- Continued. 
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(h) Vi = 2 L 9 mph; a = 6 . 9 °; C^^ = 0 . 21 ; gear down. 
Fig^lre L.- Concluded. 
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5 .- Variation of lateral parameters for the basic airplane with 
indicated speed as determined from sideslip maneuvers. 
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(a) Vi = iGh mph; a = = 0.49; clean. 


Figxire 


6.- Variation of 
tor with angle 


control positions and transverse acceleration fac- 
of sideslip for the fence configuration. 
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(b) Vi = 20^4- mph; a = 9*9°» 0^^ = 0 . 52 ; clean. 
Figure 6. - Continued. 
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(c) Vi = 226 n5)h; a = 7.4°; = 0.26; clean. 

Figure 6.- Continued. 
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(d) Vj^ = 186 mph; a = 11.0°; CN;^ = 0.5T> gear down. 
Figure 6.- Continued. 
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Figure 6.- Continued. 
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(f) Vi = 225 mph; a = 8.1°; = 0.27; gear down. 

Figure 6. - Concluded. 
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FigiH'e 7«- Variation of lateral parameters for the fence configuration with 
indicated speed as determined from sideslip maneuvers. 
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(a) Basic airplane; clean. 

Figure 8. - Variation of wing-tip helix angle with lateral control angle 

for the basic airplane. 
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(b) Basic airplane; gear dovm. 
Figure 8. - Concluded. 
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Figure 9 . - Variation of helix angle per degree lateral control angle with 
indicated speed for the basic airplane clean and gear down. 
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(a) Fence configuration; clean. 

Figure 10.- Variation of wing-tip helix ajigle with lateral control angle 

for the fence configuration. 
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(b) Fence configuration j gear down. 
Figure 10.- Concluded. 
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Figure 11.- Variation of helix angle per degree lateral control angle with 
indicated speed for the fence configuration clean and gear down. 
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(a) Basic airplane; clean. (b) Basic airplane; clean. 

Figiire 12.- Representative time histories of rudder -fixed aileron rolls. 
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(c) Basic airplane; clean. (d) Basic airplane; gear down. 

Figure 12. - Continued. 
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(e) Fence configuration j clean. (f) Fence configuration; gear down. 

Figure 12.- Concluded. 


CONFIDENTIAL 





to reoch 90% sec p , rodians/sec 

1 n u A rno X 


MCA RM H55A17 


CONFIDENTIAL 


1^5 




(a) Basic airplane; clean. 

Figure 15- - Variation of rolling effectiveness with indicated speed. 


CONFIDENTIAL 


, deg Time to reach 90^sec p , radions/sec 

max’ ^ *^max’ 


COKFIDENTIAL 


NA.CA RM H55A17 


k6 



Vj , mph 

(b) Basic airplane; gear down; 5g^ 6°. 


Figvire 15* - Continued. 
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(c) Fence configuration; clean; 5^ 6°. 

Figure 15*- Continued. 
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(d) Fence configuration; gear down; &a ^ 


Figure 15- - Concluded. 
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(a) Basic airplane. 

Figure 1I+.- Variation of period and damping with indicated speed. 

hp = 20,000 feet. 
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(b) Fence configuration. 
Figure ll4-. - Concluded. 
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Figure 15 .- Comparison of the dynamic lateral stability with the require- 

merit of reference 8. 
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Figure l6.- Time history of high-speed trim run. 
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Figure 17- - Variation of lateral stability derivatives with indicated 
speed from flight data, hp = 20,000 feet. 
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(a) Cnp/Cjp ratio. 


Figure l8. - Variation of lateral stability derivative ratios with lift 

coefficient and indicated speed. 
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(b) CYp^Cnp ratio. 
Figure l8.- Concluded. 
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